This paper examines the transitional macroeconomic costs of a synchronized global increase in bank capital adequacy requirements under Basel III, as well as a capital increase covering globally systemically important banks. The analysis, using an estimated multi-country model, contributed to the work of the Macroeconomic Assessment Group analysis, especially in estimating the potential international spillovers associated with a global increase in capital requirements. The magnitude of the effects found in this analysis is relatively modest, especially if monetary policies have scope to ease in response to a widening of interest rate spreads by banks. JEL Classification Numbers: E44, F41, G21, G28
I. INTRODUCTION

1.
This paper analyzes the transitional macroeconomic costs of strengthening bank capital adequacy requirements, including a general increase in capital requirements as well as an increase specifically for globally systemically important banks (GSIBS). In addition to estimating the impact of introducing higher capital requirements in each of 15 major economies, the analysis also includes estimates of the international spillover effects associated with the simultaneous introduction of higher capital requirements by all 15 countries. The simulations are generated within the framework of an extended and refined version of the multi-country macroeconometric model of the world economy developed and estimated by Vitek (2009).
This analysis contributed to the work of the Macroeconomic Assessment Group (MAG), chaired by the Bank for International Settlements (BIS), and the Long-term Economic
Impact (LEI) group of the Basel Committee for Banking Stability (BCBS).
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The MAG participants, including the IMF, used a variety of models to estimate the medium-term macroeconomic costs of strengthening capital and liquidity requirements. The analysis presented in this paper, reflecting the MAG mandate, focuses solely on the short-term to medium-term output costs of the proposed new regulatory measures. Estimates of the net benefits of these regulatory measures can be found in the LEI report (BCBS 2010) .
3.
The macroeconomic effects of an increase in capital adequacy requirements are assumed in this analysis to be transmitted exclusively via increases in the spread between commercial bank lending rates and the central bank policy rate. We estimate that, in the absence of any monetary policy response, a permanent synchronized global increase in capital requirements for all banks by 1 percentage point, would cause a peak reduction in GDP of around 0.5 percentage points, of which around 0.1 percentage points would result from international spillovers. Losses in emerging market economies are found to be somewhat higher than in advanced economies. If monetary policy is able to respond, however, the adverse impact of higher capital requirements could be largely offset
4.
With regard to strengthening capital requirements specifically for GSIBs, we estimate that a 1 percentage point increase in capital requirements for the top 30 GSIBs would cause a 1 See MAG (2010a, b) , BCBS (2010), and MAG (2011) .
2 One of the DSGE models used in the exercise is described in Roger and Vlcek (2011). median peak reduction in GDP of around 0.17 percentage points, of which 0.04 percentage points, or 25 percent, results from international spillovers. The aggregate figures conceal a wide range of outcomes, however, and for some countries, international spillovers would be the main source of macroeconomic effects.
5.
It is important to bear in mind the limitations of the model and assumptions used in the analysis. In particular, the analysis does not take account of other possible responses by banks or other financial institutions to changes in capital requirements, or non-linearities in the response of financial systems, monetary policy, or the real economy. Nor does the model allow for changes in the macroeconomic steady state associated with very persistent widening of lending spreads. Additionally, the analysis does not take account of the different initial starting points of different countries in raising capital requirements, or differences in the speed of implementation.
II. THE MAG APPROACH AND THE ROLE OF THE MULTI-COUNTRY ANALYSIS
6.
As discussed in the MAG Interim and Final reports (MAG 2010a, b) , the MAG employed a variety of modeling strategies to estimate the transitional macroeconomic costs of introducing higher bank capital requirements. The most common approach involved a two step procedure. In the first step, countries estimated the impact on interest rate spreads of raising Tier 1 capital requirements on banks by 1 percentage point over several different implementation horizons. In the second step, countries then used standard macroeconomic models to estimate the impact on growth of a widening of credit spreads.
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In most cases, the macroeconomic simulations considered two alternative policy scenarios: one in which monetary policy did not respond to the macroeconomic effects of the change in capital requirements; while under the alternative scenario monetary policy was allowed to react in a normal fashion.
7.
In the follow-up MAG analysis (MAG 2011) of the effects of raising capital requirements for globally systemically important banks (G-SIBs), essentially the same approach was used, but with increases in capital requirements and their effects pro-rated 3 This approach partly reflected the limitations of most existing mainstream macroeconomic models in analyzing financial or prudential issues, but also reflected a view that, over a relatively lengthy implementation period, banks were most likely to build up capital through some widening of spreads rather than through cutting lending.
A number of models used in the MAG exercise, however, were able to consider the impact of tighter credit standards as a means of raising capital asset ratios. See, e.g., Roger and Vlcek (2011). according to the importance of G-SIBs in national financial systems. Alternative scenarios again allowed for differences in implementation periods and monetary policy responses. In addition, alternative scenarios were constructed for different possible numbers of G-SIBs.
8.
The multi-country model reported in this paper contributed importantly to the MAG analyses by providing estimates, on a country by country basis, of the international macroeconomic spillovers associated with the increases in capital requirements, both for a generalized increase in requirements, and for G-SIBs specifically. In the national macroeconomic analyses, the models allowed for an increase in capital requirements domestically, but did not make allowance for the simultaneous increase in capital requirements in other countries. With the multi-country model, however, it was possible to estimate the macroeconomic effects of individual countries raising capital requirements, as well as the effects of all countries raising capital requirements together. The international macroeconomic spillover for each country could then be calculated by subtracting the effects of each country raising capital requirements alone from the effects when all countries raised capital requirements together. As with the national analyses, the multi-country model exercise considered alternative horizons for implementing higher capital requirements, as well as alternative monetary policy scenarios and different numbers of G-SIBs subject to additional requirements.
9.
The multi-country model estimates of the macroeconomic effects of increased interest rate spreads were also used as complements to the national model estimates. Instead of relying on single models to estimate these effects, the MAG approach involved aggregating results across models to obtain more robust estimates as well as a sense of a plausible range of outcomes. The macroeconomic variables under consideration are the price of output, the price of consumption, the quantity of output, the quantity of domestic demand, and the prices of energy and non-energy commodities. The financial market variables under consideration are the nominal policy interest rate, the short term nominal market interest rate, the long term nominal market interest rate, the price of equity, and the nominal bilateral exchange rate versus the US dollar. For a detailed description of this data set, please refer to Appendix C.
III. THE MULTI-COUNTRY MACROECONOMETRIC MODEL
IV. SIMULATIONS AND RESULTS
12.
The multi-country model analysis of the impact of increases in global and G-SIB capital requirements, as with most of the models employed in this exercise, assumes that the primary response of banks to an increase in capital requirements will be a widening of lending spreads (relative to what they would otherwise have been). The widening of spreads would generate larger profit margins which would then be used to build up bank capital. The analysis, therefore, does not take into account other possible responses such as new equity issuance, increases in profit margins through efficiency gains, or through asset disposals or lending cutbacks. The potential impact of these alternative bank responses is discussed in more detail in the MAG reports.
13.
The starting point for the analysis are country-by-country estimates of the impact of higher capital requirements on domestic retail interest rate spreads. In the case of an increase in global capital requirements, MAG participants used national models to estimate the impact of a 1 percentage point increase in capital requirements for all banks on bank lending spreads over the central bank policy rate. In the case of an increase in capital requirements applying to GSIBs, the interest rate effect was scaled by the share of G-SIB lending in total domestic bank lending (see MAG 2011). The results of the national model estimates are reported in Table 1, both for a generalized increase in capital requirements and for increases for different numbers of G-SIBs. Using these spreads, the macroeconomic effects on each country were calculated in various scenarios as described below. Source: MAG (2010b 
A. A Global Increase in Capital Requirements
14.
The first MAG exercise focused on the short-to medium-term macroeconomic costs of a generalized increase in capital requirements under Basel III. As noted above, the primary Global Systemically Important Banks channel of transmission was assumed to be through increases in bank lending spreads.
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In the initial analysis (MAG 2010a), most estimates of macroeconomic effects were based on a 100 basis point (b.p.) increase in lending spreads, while in the final analysis (MAG 2010b),
estimates were based on a 1 percentage point increase in capital adequacy requirements.
15. An important shortcoming of the analyses using national macroeconomic models is that they do not take into account the simultaneous implementation of higher capital requirements on a multi-country basis. If a single country raises its capital requirements while the rest of the world does not, then the contractionary impact on GDP in that country will be cushioned by the sustained strength of foreign demand. That, implicitly, is what national level analyses do. If all countries raise capital requirements simultaneously, however, external demand no longer provides a cushion for GDP. As a consequence, national estimates will typically understate the adverse impact on GDP of a generalized increase in capital requirements.
16.
The key contribution of the multi-country model to the MAG exercises has been to take into account the simultaneity of the increases in capital requirements. This is done by comparing two basic scenarios. In the first "baseline" scenario, all countries are assumed to raise capital requirements by the same amount (1 percentage point) over the same period (4 to 8 years). In the "alternative" scenario, each country is assumed to increase its capital requirements, while others do not, equivalent to the national modeling exercises. The difference between these two scenarios amounts to the international spillover effect of the simultaneous change in regulatory requirements.
17.
Based on this approach, the model was simulated for a standardized 1 percentage point increase in global capital requirements, resulting in increases in interest rate spreads, as shown under the "all banks" column in Table 1 . Within this general scenario, however, two important variations in assumptions were considered. The first was to vary the speed of implementation of the increase in capital requirements, using 4, 6, and 8 year implementation horizons. In each case, the increase in capital requirements was assumed to be implemented in a linear fashion.
18.
The second main variation in assumptions concerns the response of monetary policy to the macro-prudential measures. In normal circumstances, central banks in the various countries would adjust policy interest rates to counter the macroeconomic effects of the increase in capital requirements.
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However, given the very low level of policy interest rates in many countries, the scope for monetary policy easing could be constrained by a zero lower bound on nominal interest rates, at least over part of the implementation horizon. To allow for this possibility, the implementation of the increase was simulated in one set of scenarios with a normal policy response similar to a Taylor Rule, while in the second scenario, the nominal interest rate was held constant.
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19. The macroeconomic transmission of the change in capital requirements is as follows.
To meet higher capital requirements, banks raise lending spreads over the central bank policy rate. In the absence of a monetary policy response, the real market interest rate rises and real equity wealth falls, inducing a contraction in domestic demand through intertemporal substitution and wealth effects. In the case of a single country raising its capital requirements, the rise in market interest rates also leads to appreciation of the currency in real effective terms, amplifying the contraction in output as real net exports decline and as the real interest rate is further boosted temporarily by lower imported goods prices. If monetary policy is able to respond, however, a lowering of the policy rate can largely offset the impact of the widening of spreads.
20.
In the case of a synchronized global increase in capital requirements, the contractionary effects of increases in domestic interest rates are amplified by international trade and financial linkages. Contractions in foreign demand will dampen exports to those countries, while declines in foreign equity values will adversely affect the value of internationally diversified portfolios, with adverse wealth effects on consumption. In addition, movements of exchange rates in response to changes in international interest rate differentials may amplify or moderate the demand and price effects of the shock. Weaker global demand also dampens inflation through downward pressures on commodity prices. As with a single country increase in capital requirements, the effects of a global increase in capital requirements can be substantially offset if countries are able to respond to the rise in capital requirements with an easing of the stance of monetary policy.
21. An important challenge in the modeling exercise faced by all participants including ourselves was how to deal with the very long duration of the shock to interest rate spreads, particularly in the scenarios with no monetary policy response. Although, in principle, the widening of spreads would be partly or even largely transitory, 8 they would nonetheless be quite persistent, especially in the scenarios with lengthy phasing in of the requirements. Such persistent shocks are difficult to deal with in "gap" models which take the steady state as given.
In the event of very persistent or permanent shocks, however, the steady state equilibrium is likely to be affected. The BCBS (2010) estimated that a 1 percentage point increase in capital requirements would lead to a 0.09 percentage point reduction in the level of potential output.
To address the issue of changing potential output in the MAG exercise, a restricted Kalman filter was applied the output paths generated by the model in this paper so that, over the long term, the level of potential would converge towards the model forecast for actual output. The results reported in this paper, however, focus on the actual levels of output, since this is a better indicator of the magnitude of the impact on output than is the estimated output gap.
22.
Impulse responses of major variables in the 15 MAG economies in response to countryspecific and global increases in capital requirements are shown in Appendix D. Tables 2 and 3 provide a summary view of the peak impact on output in the different countries, implemented over a range of different periods, both when monetary policy is able to respond, and when interest rates are held constant.  Shortening the implementation period would accentuate the peak impact on growth and the output gap, but the permanent impact on output would be essentially unaffected.

The scope for monetary policy to mitigate output losses is potentially large. Assuming that monetary policy is able to take the increase in spreads into account over the 4 to 8 year implementation horizon, the impact of higher capital requirements on output could be substantially offset. In particular, the simulations suggest that the peak impact on output would be reduced to a little over 0.1 percentage points (Table 3) .
In a few cases, the international spillovers may slightly boost growth. This arises in a few cases in the Euro Area where monetary policy is targeted at area-wide inflation and output. In such circumstances, the common monetary policy stance may be a bit too stimulative for some members (France, Italy, and Spain), and insufficiently so for other members (Germany and the Netherlands).
23.
These estimates of the macroeconomic costs from raising capital requirements for all banks are broadly consistent with those reported in the existing empirical literature, after accounting for differences in underlying assumptions. Abstracting from monetary policy accommodation, our estimated peak output losses from economy-specific capital requirement increases lie near the top of the distribution of comparable simulation results reported in MAG (2010a, b) . This may result from our restriction on the nominal policy interest rate being tighter than in other analyses, in the sense that it also applies after the implementation period. Finally, our estimated contributions from spillovers to these peak output losses are consistent with those reported in Resende, Dib and Perevalov (2010) . 
B. An Increase in Capital Requirements for Globally Systemically Important Banks
24.
In the 2011 MAG exercise, an increase in capital requirements applied to Globally Systemically Important Banks (GSIBs) was assessed using the same methodology as for the global increase in capital requirements for all banks, as described earlier. Simulations were conducted for 4, 6, and 8 year implementation horizons; with and without monetary policy responses; and for country-specific as well as simultaneous global increases in capital requirements for GSIBs.
25.
In the GSIB analysis, however, estimates of the increase in spreads in each country reflected the share of GSIBs in total lending in that country. That is, the estimated impact on spreads of an increase in capital requirements for all banks was scaled by the GSIB share of lending in each country. relatively important. As a consequence, for these countries, spillovers are estimated to account for more than half of the total impact on their GDP.

As in the case of a global increase in capital requirements, if monetary policies are able to respond to an increase in GSIB capital requirements, the output effects can be substantially reduced.
V. CONCLUDING COMMENTS AND CAVEATS
28.
The multi-country macroeconomic model used in this analysis contributed importantly to the MAG assessments of the potential impact over the medium term of a global increase in capital requirements, both for all banks and for a smaller group of GSIBs. The results of the multi-country analysis indicate that international spillovers associated with coordinated policy measures are important-our analysis suggests that spillovers typically account for 20-25 percent of the total impact on output. Moreover, in the case of an increase in capital requirements for GSIBs, international spillovers may be the primary source of macroeconomic effects.
29.
At the same time, it is important to recognize the important limitations associated both with the model and with the exercise it was used in. With regard to the model, the main limitations to emphasize are that:
 As discussed earlier, the model is not geared to dealing with changes in the steady state associated with permanent or very persistent shocks. Although the quantitative significance of this does not appear to be large in the context of this exercise, it suggests that the estimated effects of a permanent increase in interest rate spreads should be interpreted with caution, particularly at long horizons.

The model has only one avenue for the increase in capital requirements to affect the real economy; though a widening of bank lending spreads over the policy rate. As discussed in the MAG reports, there are several ways in which banks can respond to higher capital requirements and some could have much more significant effects on output, while others would be more benign.
30.
The exercises themselves have some important limitations that should be borne in mind in assessing the quantitative results and risks surrounding them. These include:
 The implementation of the higher capital requirements is assumed to be linear over the alternative implementation periods. In practice, the speed of implementation is quite likely to be non-linear; indeed, markets may be forcing a front-loading of adjustment.

The scope for monetary policy responses may well vary over time and differ from one country to another. Not all countries are close to the zero lower bound for interest rates, and even those that are may not remain so over the entire implementation period. 
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The sensitivity of the relative price of commodities to changes in world output depends on its type { , } z e n  , with 1 j  for energy commodities and 0 j  for nonenergy commodities. As an identifying restriction, all innovations are assumed to be independent, which combined with our distributional assumptions implies multivariate normality.
B. Trend Components
14.
The , ~iid (0, ), innovations are assumed to be independent.
APPENDIX B: ESTIMATION
17.
The traditional econometric interpretation of this panel unobserved components model of the world economy regards it as a representation of the joint probability distribution of the data. We employ a Bayesian estimation procedure which respects this traditional econometric interpretation.
18. Joint estimation of the parameters and unobserved components of our panel unobserved components model is based on the levels of a total of 128 endogenous variables observed for 15 economies over the sample period 1999Q1 through 2011Q1. The economies under consideration are Australia, Brazil, Canada, China, France, Germany, Italy, Japan, Korea, Mexico, the Netherlands, Spain, Switzerland, the United Kingdom, and the United States. The observed endogenous variables under consideration are the price of output, the price of consumption, the quantity of output, the quantity of domestic demand, the nominal policy interest rate, the short term nominal market interest rate, the long term nominal market interest rate, the price of equity, the nominal bilateral exchange rate, and the prices of energy and nonenergy commodities. For a detailed description of this data set, see Appendix C.
A. Estimation Procedure
19.
The parameters and unobserved components of our panel unobserved components model are jointly estimated with a Bayesian procedure, conditional on prior information
concerning the values of structural parameters, and judgment concerning the paths of trend components. Inference on the parameters is based on an asymptotic normal approximation to the posterior distribution around its mode, which is calculated by numerically maximizing the logarithm of the posterior density kernel. Following Engle and Watson (1981) , we employ an estimator of the Hessian which depends only on first derivatives and is negative semidefinite.
20.
Evaluation of the logarithm of the posterior density kernel involves first solving for the unique stationary solution to the multivariate linear rational expectations model governing the evolution of cyclical components with the algorithm due to Klein (2000) . 
B. Estimation Results
21.
The set of parameters associated with our panel unobserved components model is partitioned into two subsets. Those parameters associated with the conditional mean function are estimated conditional on informative independent priors, while those parameters associated exclusively with the conditional variance function are estimated conditional on diffuse priors. 
23.
Judgment concerning the paths of trend components is generated by passing the levels of all observed endogenous variables through the filter described in Hodrick and Prescott (1997) . Stochastic restrictions on the trend components of all observed endogenous variables are derived from these preliminary estimates, with a time varying innovation covariance matrix set equal to that obtained from unrestricted estimation. Initial conditions for the cyclical components of exogenous variables are given by their unconditional means and variances, while the initial values of all other state variables are treated as parameters, and are calibrated to match functions of initial realizations of the levels of observed endogenous variables, or preliminary estimates of their trend components calculated with the filter due to Hodrick and Prescott (1997) .
24.
The posterior mode is calculated by numerically maximizing the logarithm of the posterior density kernel with a modified steepest ascent algorithm. Parameter estimation results pertaining to the sample period 1999Q3 through 2011Q1 are shown in Table 5 , below. The sufficient condition for the existence of a unique stationary rational expectations equilibrium due to Klein (2000) is satisfied in a neighborhood around the posterior mode, while our estimator of the Hessian is not nearly singular at the posterior mode, suggesting that the linear state space representation of our panel unobserved components model is locally identified.
25.
The posterior modes of most structural parameters are close to their prior means, reflecting the imposition of tight priors to preserve empirically plausible impulse response dynamics. Nevertheless, the data are quite informative regarding many of these structural parameters, as evidenced by the substantial reduction in standard error from prior to posterior.
The estimated variances of innovations driving variation in cyclical components are all well within the range of estimates reported in the existing empirical literature, after accounting for data rescaling. The estimated variances of innovations driving variation in trend components vary considerably across economies and observed endogenous variables. 8.5e-1 1.8e-1 3.9e+0 8.1e-1 2.8e-1 5.9e-2 8.0e-1 1.7e-1 2.2e-1 4.6e-2 2.8e-1 5.8e-2 3.2e-1 6.6e-2 1.2e+0 2.5e-1 1.2e+0 2.4e-1 1.3e+0 2.8e-1 2.4e-1 4.9e-2 4.4e-1 9.2e-2 5.5e-1 1.1e-1 7.0e-1 1.5e-1 5.1e+0 1.0e-2
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3.0e-3 2.9e-3 6.5e-3 4.5e-3 2.6e-3 1.3e-3 2.0e-2 6.7e-3 4.3e-3 2.0e-3 7.6e-3 2.7e-3 6.1e-3 4.3e-3 9.0e-3 5.9e-3 2.9e-3 1.2e-3 7.2e-3 4.4e-3 4.1e-3 1.6e-3 6.8e-3 2.7e-3 4.2e-3 2.3e-3 2.7e-3 8.0e-4 2.7e-3 1.0e-3 27. The macroeconomic variables under consideration are the price of output, the price of consumption, the quantity of output, the quantity of domestic demand, and the prices of energy and nonenergy commodities. The price of output is measured by the seasonally adjusted gross domestic product price deflator, while the price of consumption is proxied by the seasonally adjusted consumer price index. The quantity of output is measured by seasonally adjusted real gross domestic product, while the quantity of domestic demand is measured by the sum of seasonally adjusted real consumption and investment expenditures.
The prices of energy and nonenergy commodities are proxied by broad commodity price indexes denominated in United States dollars.
28.
The financial market variables under consideration are the nominal policy interest rate, the short term nominal market interest rate, the long term nominal market interest rate, the price of equity, and the nominal bilateral exchange rate. The nominal policy interest rate is measured by the central bank discount rate, expressed as a period average. The short term nominal market interest rate is measured by a 3 month money market rate, expressed as a period average. The long term nominal market interest rate is measured by the 10 year government bond yield where available, and a 10 year commercial bank lending rate otherwise, expressed as a period average. The price of equity is proxied by a broad stock price index denominated in domestic currency units. Note: Depicts the impulse responses of consumption price inflation ■, output ■, domestic demand ■, the nominal policy interest rate ■, the short term nominal market interest rate ■, the long term consumption based real market interest rate ■, and the real effective exchange rate ■ to a global synchronized 1 percentage point increase in regulatory capital adequacy requirements phased in at a constant speed over 8 years applicable to all banks, abstracting from monetary policy accommodation. Inflation and interest rates are expressed as annual percentage rates. Note: Depicts the impulse responses of consumption price inflation ■, output ■, domestic demand ■, the nominal policy interest rate ■, the short term nominal market interest rate ■, the long term consumption based real market interest rate ■, and the real effective exchange rate ■ to economy specific 1 percentage point increases in regulatory capital adequacy requirements phased in at a constant speed over 8 years applicable to all banks, abstracting from monetary policy accommodation. Inflation and interest rates are expressed as annual percentage rates. Note: Depicts the impulse responses of consumption price inflation ■, output ■, domestic demand ■, the nominal policy interest rate ■, the short term nominal market interest rate ■, the long term consumption based real market interest rate ■, and the real effective exchange rate ■ to a global synchronized 1 percentage point increase in regulatory capital adequacy requirements phased in at a constant speed over 8 years applicable to all banks, accounting for monetary policy accommodation. Inflation and interest rates are expressed as annual percentage rates. Note: Depicts the impulse responses of consumption price inflation ■, output ■, domestic demand ■, the nominal policy interest rate ■, the short term nominal market interest rate ■, the long term consumption based real market interest rate ■, and the real effective exchange rate ■ to economy specific 1 percentage point increases in regulatory capital adequacy requirements phased in at a constant speed over 8 years applicable to all banks, accounting for monetary policy accommodation. Inflation and interest rates are expressed as annual percentage rates. 
